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PROBLEM TO BE SOLVED: To prevent adverse effect 
on a piezoelectric element at the time of forming an ink 
cavity by employing a structure where the part close to 
the piezoelectric element in an ink cavity is formed by 
anisotropic dry etching. 



SOLUTION: Silicon oxide 2 for diaphragm and platinum 3 
for lower electrode are deposited on the first surface of 
a single crystal silicon substrate 1 and PZT 4 for 
piezoelectric element and platinum 5 for upper electrode 
are deposited on the platinum 3. Furthermore, an ink 
cavity 20 is formed at a part of the single crystal silicon 
substrate 1 corresponding to a region for deposition the 




PZT. On the other hand, a nozzle plate 10 having a Yib 

nozzle opening 11b is provided on the second opposite 

surface of the single crystal silicon substrate 1. The ink 

cavity 20 is formed by anisotropic wet etching from the 

second surface to the vicinity of the first surface of the 

single crystal silicon substrate 1 and formed by 

anisotropic dry etching from the vicinity of the first 

surface to the first surface of the single crystal silicon substrate 1 . 
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* NOTICES * 

JPO and MCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The piezo electric crystal component formed in the 1st field of a single crystal silicon 
substrate, said piezo electric crystal component of said single crystal silicon substrate, and the 
ink cavity formed in the corresponding location, The nozzle plate with which the nozzle orifice 
which carries out the regurgitation of the ink which was prepared in the 2nd field located in the 
opposite side of the 1st field of said single crystal silicon substrate, and was held in said ink 
cavity was formed, It is a ******** ink jet type recording head. Said ink cavity The ink jet type 
recording head to which it is formed in even near said 2nd field to the 1st field of anisotropy wet 
etching, and anisotropy dry etching comes to form near [ from ] said 1st field to the 1st field. 
[Claim 2] Said ink cavity is an ink jet type recording head according to claim 1 which the side 
attachment wall currently formed in the field from [ near said 1st field ] to the 1st field becomes 
from the taper which inclines towards the outside of the ink cavity concerned. 
[Claim 3] Said ink cavity is an ink jet type recording head according to claim 1 which the side 
attachment wall currently formed in the field from [ near said 1st field ] to the 1st field becomes 
from the taper which inclines towards the inside of the ink cavity concerned. 
[Claim 4] It is the ink jet type recording head according to claim 1 or 2 for which said 2nd field is 
crystal orientation (110), and said anisotropy wet etching uses an alkali water solution as an 
etching reagent. 

[Claim 5] It is the ink jet type recording head according to claim 1 or 2 for which said 2nd field is 
crystal orientation (100), and said anisotropy wet etching uses an alkali water solution as an 
etching reagent. 

[Claim 6] The piezo electric crystal component formed in the 1 st field of a single crystal silicon 
substrate, said piezo electric crystal component of said single crystal silicon substrate, and the 
ink cavity formed in the corresponding location, The nozzle plate with which the nozzle orifice 
which carries out the regurgitation of the ink which was prepared in the 2nd field located in the 
opposite side of the 1st field of said single crystal silicon substrate, and was held in said ink 
cavity was formed, It is the ink jet type recording head which it becomes from the taper with 
which it is a ******** ink jet type recording head, and the side attachment wall with which said 
ink cavity is formed in the field from [ near said 1st field ] to the 1st field inclines towards the 
outside of the ink cavity concerned. 

[Claim 7] The piezo electric crystal component formed in the 1st field of a single crystal silicon 
substrate, said piezo electric crystal component of said single crystal silicon substrate, and the 
ink cavity formed in the corresponding location, The nozzle plate with which the nozzle orifice 
which carries out the regurgitation of the ink which was prepared in the 2nd field located in the 
opposite side of the 1st field of said single crystal silicon substrate, and was held in said ink 
cavity was formed, It is the ink jet type recording head which it becomes from the taper with 
which it is a ******** ink jet type recording head, and the side attachment wall with which said 
ink cavity is formed in the field from [ near said 1st field ] to the 1st field Inclines towards the 
inside of the ink cavity concerned. 

[Claim 8] Said piezo electric crystal component of a single crystal silicon substrate, and the ink 
cavity formed in the corresponding location, The nozzle plate with which the nozzle orifice which 
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carries out the regurgitation of the ink which was prepared in the 2nd field located in the 
opposite side of the 1st field of a single crystal silicon substrate, and was held in said ink cavity 
was formed. The process which is the manufacture approach of a ******** ink jet type 
recording head, and forms a piezo electric crystal component on said single crystal silicon 
substrate, The manufacture approach of the ink jet type recording head which comes to have 
the process which performs anisotropy dry etching alternatively continuously and forms said ink 
cavity after performing anisotropy wet etching in said piezo electric crystal component of said 
single crystal silicon substrate, and a corresponding location alternatively. 

[Claim 9] Said piezo electric crystal component of a single crystal silicon substrate, and the ink 
cavity formed in the corresponding location, The nozzle plate with which the nozzle orifice which 
carries out the regurgitation of the ink which was prepared in the 2nd field located in the 
opposite side of the 1st field of a single crystal silicon substrate, and was held in said ink cavity 
was formed, The process which is the manufacture approach of a ******** ink jet type 
recording head, and performs anisotropy wet etching to the ink cavity formation field of said 
single crystal silicon substrate alternatively to the predetermined depth, Said ink cavity after 
said anisotropy wet etching and on said single crystal silicon substrate, and the process which 
forms a piezo electric crystal component in a corresponding location, The manufacture approach 
of the ink jet type recording head which comes to have the process which performs anisotropy 
dry etching to the ink cavity formation field of said single crystal silicon substrate alternatively 
after said piezo electric crystal component formation, and forms said ink cavity. 
[Claim 10] It is the manufacture approach of an ink jet type recording head according to claim 8 
or 9 of performing said anisotropy wet etching in the field of a up to near said 2nd field to the 
1st field, and performing said anisotropy dry etching in the field from [ near said 1st field ] to the 
1st field. 

[Claim 1 1] Said anisotropy wet etching is the manufacture approach of an ink jet type recording 
head given in any 1 term of claim 8 performed using an alkali water solution as an etching 
reagent while carrying out from the crystal orientation (1 10) side of said single crystal silicon 
substrate thru/or claim 1 0. 

[Claim 12] Said anisotropy wet etching is the manufacture approach of an ink jet type recording 
head given in any 1 term of claim 8 performed using an alkali water solution as an etching 
reagent while carrying out from the crystal orientation (100) side of said single crystal silicon 
substrate thru/or claim 1 0. 

[Claim 13] The process with which an etching rate fills up the quick matter to a predetermined 
etching reagent in said ink cavity, The process which carries out flattening of the field by the 
side of the 2nd [ of the matter concerned with which it filled up / said ] field, and the process 
which forms the film for nozzle plate formation on the field concerned by which flattening was 
carried out, The process which carries out penetration formation of two or more holes at the film 
for nozzle plate formation formed on said matter, the process which removes said matter 
through said hole, and the hole which serves as said nozzle orifice after removing the matter 
concerned — the manufacture approach of an ink jet type recording head given in any 1 term of 
claim 8 further equipped with the process which closes the hole of an except thru/or claim 11. 
[Claim 14] The piezo electric crystal component formed in the 1st field of a single crystal silicon 
substrate, said piezo electric crystal component of said single crystal silicon substrate, and the 
ink cavity formed in the corresponding location, The nozzle plate with which the nozzle orifice 
which carries out the regurgitation of the ink which was prepared in the 2nd field located in the 
opposite side of the 1st field of said single crystal silicon substrate, and was held in said ink 
cavity was formed, The process which is the manufacture approach of a ******** ink jet type 
recording head, and forms a piezo electric crystal component on a single crystal silicon 
substrate, Said piezo electric crystal component of said single crystal silicon substrate, and the 
process which forms an ink cavity in a corresponding location, The process with which an 
etching rate fills up the quick matter to a predetermined etching reagent in said ink cavity, The 
process which carries out flattening of the field by the side of the 2nd [ of the matter concerned 
with which it filled up / said ] field, and the process which forms the film for nozzle plate 
formation on the field concerned by which flattening was carried out, the hole which becomes it 
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with said nozzle orifice after removing the matter concerned into the part formed on said matter 
of the film for said nozzle plate formation, the process which carries out penetration formation of 
two or more holes, the process which removes said matter through said hole, and — the 
manufacture approach of the ink jet type recording head equipped with when the hole of an 
except was closed. 

[Claim 15] While forming a piezo electric crystal component in the 1st field of a single crystal 
silicon substrate An ink cavity is formed in this piezo electric crystal component and a 
corresponding location. Further To the 2nd field located in the opposite side of the 1st field of 
said single crystal silicon substrate It is the manufacture approach of the ink jet type recording 
head which forms the nozzle plate which has the nozzle orifice which carries out the 
regurgitation of the ink held in said ink cavity. The lower electrode for forming a piezo electric 
crystal component on said single crystal silicon substrate is formed. And before forming the 
piezo electric crystal thin film for forming this piezo electric crystal component The manufacture 
approach of the ink jet type recording head which comes to have the process which performs 
anisotropy dry etching alternatively and forms said ink cavity after performing anisotropy wet 
etching in said piezo electric crystal component of said single crystal silicon substrate, and a 
corresponding location alternatively. 

[Claim 16] The manufacture approach of an ink jet type recording head according to claim 15 of 
having been made to perform account wet etching of back to front which carried out the 
laminating of the protective coat to said lower electrode. 

[Claim 17] While forming a piezo electric crystal component in the 1st field of a single crystal 
silicon substrate An ink cavity is formed in this piezo electric crystal component and a 
corresponding location. Further To the 2nd field located in the opposite side of the 1st field of 
said single crystal silicon substrate It is the manufacture approach of the ink jet type recording 
head which forms the nozzle plate which has the nozzle orifice which carries out the 
regurgitation of the ink held in said ink cavity. Before performing photolithography for forming the 
pattern of a piezo electric crystal component on said single crystal silicon substrate, the 
protective coat to said wet etching is formed in the 1st page side of said silicon substrate. 
Subsequently The manufacture approach of the ink jet type recording head which comes to have 
the process which performs anisotropy dry etching alternatively and forms said ink cavity after 
performing anisotropy wet etching in the location corresponding to said piezo electric crystal 
component of this silicon substrate alternatively. 

[Claim 18] Said protective coat is the manufacture approach of the ink jet type recording head 
according to claim 17 which comes to carry out a laminating to this after forming the lower 
electrode and piezo electric crystal which were formed on said silicon substrate. 
[Claim 19] While forming a piezo electric crystal component in the 1st field of a single crystal 
silicon substrate An ink cavity is formed in this piezo electric crystal component and a 
corresponding location. Further To the 2nd field located in the opposite side of the 1st field of 
said single crystal silicon substrate It is the manufacture approach of the ink jet type recording 
head which forms the nozzle plate which has the nozzle orifice which carries out the 
regurgitation of the ink held in said ink cavity. After forming the up electrode layer used as the 
outermost side for forming said piezo electric crystal component, anisotropy wet etching is 
alternatively performed in the location corresponding to said piezo electric crystal component of 
said silicon substrate. Subsequently The manufacture approach of the ink jet type recording 
head which performs anisotropy dry etching alternatively and forms said ink cavity. 
[Claim 20] While forming a piezo electric crystal component in the 1st field of a single crystal 
silicon substrate An ink cavity is formed in this piezo electric crystal component and a 
corresponding location. Further To the 2nd field located in the opposite side of the 1st field of 
said single crystal silicon substrate It is the manufacture approach of the ink jet type recording 
head which forms the nozzle plate which has the nozzle orifice which carries out the 
regurgitation of the ink held in said ink cavity. While having the process which forms an interlayer 
insulation film and wiring on the pattern of said piezo electric crystal component The 
manufacture approach of the ink jet type recording head which performs anisotropy wet etching 
in the location corresponding to said piezo electric crystal component of said silicon substrate 
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alternatively, subsequently performs anisotropy dry etching in it alternatively, and forms an ink 
cavity in it before forming this interlayer insulation film. 

[Claim 21] The manufacture approach of an ink jet type recording head of carrying out the 
laminating of the protective coat after forming the pattern corresponding to said piezo electric 
crystal component, forming said interlayer insulation film and wiring after that while performing 
said anisotropy wet etching subsequently, and performing said anisotropy dry etching further. 
[Claim 22] While forming a piezo electric crystal component in the 1 st field of a single crystal 
silicon substrate Anisotropy wet etching is alternatively performed in the location corresponding 
to said piezo electric crystal component of this silicon substrate. Subsequently, perform 
anisotropy dry etching alternatively and an ink cavity is formed. To furthermore, the 2nd field 
located in the opposite side of the 1 st field of said single crystaj silicon substrate It is the 
approach of forming the nozzle plate which has the nozzle orifice which carries out the 
regurgitation of the ink held in said ink cavity. The manufacture approach of an ink jet type 
recording head of carrying out the laminating of the protective coat to said wet etching on the 
oxide film on said silicon substrate, and subsequently coming to give this wet etching after 
etching the lower electrode for forming said piezo electric crystal component. 
[Claim 23] While forming a piezo electric crystal component in the 1st field of a single crystal 
silicon substrate Anisotropy wet etching is alternatively performed in this piezo electric crystal 
component and a corresponding location. Subsequently, perform anisotropy dry etching 
alternatively and an ink cavity is formed. To furthermore, the 2nd field located in the opposite 
side of the 1st field of said single crystal silicon substrate It is the approach of forming the 
nozzle plate which has the nozzle orifice which carries out the regurgitation of the ink held in 
said ink cavity. The manufacture approach of an ink jet type recording head of carrying out the 
laminating of the protective coat to said wet etching further, and subsequently coming to give 
this wet etching after covering the lower electrode for forming said piezo electric crystal 
component with an interlayer insulation film. 

[Claim 24] While forming a piezo electric crystal component in the 1st field of a single crystal 
silicon substrate Anisotropy wet etching is alternatively performed in this piezo electric crystal 
component and a corresponding location. Subsequently, perform anisotropy dry etching 
alternatively and an ink cavity is formed. It is the approach of forming the nozzle plate which has 
the nozzle orifice which carries out the regurgitation of the ink held in said ink cavity in the 2nd 
field located in the opposite side of the 1st field of said single crystal silicon substrate. 
Furthermore, the pattern of said piezo electric crystal component, The manufacture approach of 
an ink jet type recording head of carrying out the laminating of an interlayer insulation film and 
the protective coat for said wet etching after forming wiring, and subsequently having been made 
to perform said wet etching and dry etching continuously. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the ink jet type recording head which starts an 
ink jet type recording head and its manufacture approach, especially uses a piezo electric crystal 
component as a driving source of the ink regurgitation, and its manufacture approach. 
[0002] 

[Description of the Prior Art] There is an ink jet type recording head which used from the former 
the component which consists of titanic-acid lead zirconate (it is hereafter described as "PZT") 
as the driving source for ink regurgitation, i.e., a component which transforms electric energy into 
mechanical energy. Generally, this ink jet type recording head equips each part corresponding to 
said individual ink path top of the head pedestal in which many individual ink paths (an ink cavity, 
ink etc.) were formed, the diaphragm attached in said head pedestal so that all individual 

ink paths might be covered, and this diaphragm with the PZT component which carried out 
covering formation, and is constituted. By adding electric field to said PZT component, and 
carrying out the variation rate of the PZT component, the ink jet type recording head of this 
configuration is designed so that the ink held in the individual ink path may be extruded from the 
ink delivery currently formed in the nozzle plate in which it was prepared at the individual ink 
path. 

[0003] When it constitutes said head pedestal from a single crystal silicon substrate, the ink path 
according to individual is formed by performing wet etching to the single crystal silicon substrate 
concerned alternatively. Generally this wet etching is performed using high-concentration alkali 
solutions, such as 5 % of the weight - 40% of the weight of a potassium-hydroxide water solution. 

[0004] Moreover, installation of said nozzle plate is performed by usually sticking on said head 
pedestal the sheet metal (for example, stainless plate) with which the ink delivery was 
beforehand formed in the predetermined location. 
[0005] 

[Problem(s) to be Solved by the Invention] However, in case a head pedestal is formed by said 
wet etching, when an etching solution contacts said PZT component there is a problem that the 
PZT component concerned exfoliates or damage arises. When a single crystal silicon substrate is 
specifically etched, using an alkali water solution as an etching reagent so that even a diaphragm 
may reach, it is the terminal point of etching, and this alkali water solution or an etching 
resultant penetrates a diaphragm, and there is a problem of giving a damage to a PZT 
component. 

[0006] Moreover, the approach of forming a nozzle plate by sticking on said head pedestal the 
sheet metal with which the ink delivery was beforehand formed in the predetermined location has 
a complicated assembly, and has the problem that it is difficult to mass-produce. 
[0007] This invention aims at offering the ink jet type recording head which can carry out the 
regurgitation of the ink in large quantities at high speed while it makes it a technical problem to 
solve such a conventional trouble and is equipped with a reliable piezo electric crystal 
component. Moreover, it has a reliable piezo electric crystal component, and aims at offering the 
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ink jet type recording head which carries out the regurgitation of a slight quantity of the ink to a 
high speed, and its manufacture approach. Moreover, it aims at offering the manufacture 
approach of the ink head type recording head which can carry out the regurgitation of the ink in 
large quantities at high speed, without having a bad influence on a piezo electric crystal 
component. Furthermore, a nozzle plate can be formed easily and it aims at offering the 
manufacture approach of the ink head type recording head which can be mass-produced. 
[0008] As this invention performs wet etching which affects a component to the optimal timing 
on ink jet type recording head manufacture, it aims at offering the approach that an ink jet type 
recording head equipped with a reliable piezoelectric device can be manufactured further again. 
[0009] 

[Means for Solving the Problem] The piezo electric crystal component by which this invention 
was formed in the 1st field of a single crystal silicon substrate in order to attain this purpose, 
Said piezo electric crystal component of said single crystal silicon substrate, and the ink cavity 
formed in the corresponding location, The nozzle plate with which the nozzle orifice which 
carries out the regurgitation of the ink which was prepared in the 2nd field located in the 
opposite side of the 1 st field of said single crystal silicon substrate, and was held in said ink 
cavity was formed, It is a ******** Inkjet type recording head. Said ink cavity The ink jet type 
recording head in which it is formed in even near said 2nd field to the 1st field of anisotropy wet 
etching, and anisotropy dry etching comes to form near [ from ] said 1st field to the 1st field is 
offered. The dependability of a piezo electric crystal component can be improved by making an 
ink jet type recording head such a configuration. 

[0010] Moreover, with constituting the side attachment wall currently formed in the field from 
[ near said 1st field of said ink cavity ] to the 1st field from a taper which turns and inclines to 
the outside of the ink cavity concerned, although the compliance of the wall of an ink cavity 
hardly changes to the former in addition to said advantage, compliance of the piezo electric 
crystal component which serves as the diaphragm can be enlarged. Therefore, the large amount 
of displacement of a piezo electric crystal component can be taken, and the regurgitation of the 
ink can be carried out in large quantities at high speed. 

[001 1] If constituted from a taper which turns the side attachment wall currently formed in the 
field from [ near said 1st field of said ink cavity ] to the 1st field inside the ink cavity concerned, 
and inclines on the other hand, in addition to said advantage, it will be large in the inertance of 
the ink held in the ink cavity, and compliance of a piezo electric crystal component can be 
further made small. Therefore, even if the amount of displacement of a piezo electric crystal 
component is small, the regurgitation of the very small ink can be carried out very much to a 
high speed. For this reason, a high definition print higher-density than before is realizable. 
[0012] Moreover, said 2nd field is crystal orientation (110), and an alkali water solution can be 
used for it as an etching reagent of said anisotropy wet etching. 

[0013] Or said 2nd field is crystal orientation (100), and an alkali water solution can be used for 
it as an etching reagent of said anisotropy wet etching again. In addition, in this specification, an 
inclined plane shall include with a "taper" what has a curved surface. 

[0014] Moreover, the piezo electric crystal component by which this invention was formed in the 
1st field of a single crystal silicon substrate, Said piezo electric crystal component of said single 
crystal silicon substrate, and the ink cavity formed in the corresponding location, The nozzle 
- plate with which the nozzle orifice which carries out the regurgitation of the ink which was 

prepared in the 2nd field located in the opposite side of the 1 st field of said single crystal silicon 
substrate, and was held in said ink cavity was formed, It is a ******** ink jet type recording 
head, and said ink cavity offers the ink jet type recording head which the side attachment wall 
currently formed in the field from [ near said 1st field ] to the 1st field becomes from the taper 
which inclines towards the outside of the ink cavity concerned. 

[0015] And the piezo electric crystal component by which this invention was formed in the 1st 
field of a single crystal silicon substrate again, Said piezo electric crystal component of said 
single crystal silicon substrate, and the ink cavity formed in the corresponding location, The 
nozzle plate with which the nozzle orifice which carries out the regurgitation of the ink which 
was prepared in the 2nd field located in the opposite side of the 1st field of said single crystal 
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silicon substrate, and was held in said ink cavity was formed, It is a ******** ink jet type 
recording heaci and said ink cavity offers the ink jet type recording head which the side 
attachment wall currently formed in the field from [ near said 1st field ] to the 1st field becomes 
from the taper which inclines towards the inside of the ink cavity concerned. 

[0016] Moreover, the piezo electric crystal component by which this invention was formed in the 
1st field of a single crystal silicon substrate, Said piezo electric crystal component of said single 
crystal silicon substrate, and the ink cavity formed in the corresponding location, The nozzle 
plate with which the nozzle orifice which carries out the regurgitation of the ink which was 
prepared in the 2nd field located in the opposite side of the 1st field of said single crystal silicon 
substrate, and was held in said ink cavity was formed, The process which is the manufacture 
approach of a ******** ink jet type recording head, and forms a piezo electric crystal 
component on a single crystal silicon substrate, The process which performs anisotropy dry 
etching alternatively continuously and forms an ink cavity after performing anisotropy wet 
etching in said piezo electric crystal component of said single crystal silicon substrate, and a 
corresponding location alternatively, ******** — the manufacture approach of an ink jet type 
recording head is offered. By this manufacture approach, the ink jet type recording head which 
can carry out the regurgitation of the ink at high speed can be obtained, without causing trouble 
to a piezo electric crystal component. 

[0017] Moreover, the process to which this invention performs anisotropy wet etching to the ink 
cavity formation field of said single crystal silicon substrate alternatively to the predetermined 
depth, Said ink cavity after said anisotropy wet etching and on said single crystal silicon 
substrate, and the process which forms a piezo electric crystal component in a corresponding 
location, Anisotropy dry etching is alternatively performed to the ink cavity formation field of 
said single crystal silicon substrate after said piezo electric crystal component formation, and 
the manufacture approach of the ink jet type recording head which comes to have the process 
which forms an ink cavity is offered. By this manufacture approach, anisotropy wet etching can 
be performed to the single crystal silicon substrate before a piezo electric crystal component is 
formed. Therefore, a piezo electric crystal component does not receive damage during this 
anisotropy wet etching. Moreover, it is not necessary to form the protective coat to anisotropy 
wet etching in a piezo electric crystal component. For this reason, a production process can be 
simplified while the dependability of a piezo electric crystal component improves. 
[0018] Said anisotropy wet etching is performed in the field of a up to near said 2nd field to the 
1st field, and it is suitable for said anisotropy dry etching to carry out in the field from [ near 
said 1st field ] to the 1st field. 

[0019] And said anisotropy wet etching can be performed again, using an alkali water solution as 
an etching reagent while carrying out from the crystal orientation (110) side of said single crystal 
silicon substrate. 

[0020] Or said anisotropy wet etching can be performed again, using an alkali water solution as 
an etching reagent while carrying out from the crystal orientation (100) side of said single crystal 
silicon substrate. 

[0021] Moreover, the process with which said manufacture approach fills up amorphous silicon in 
an ink cavity, The process which carries out flattening of the field by the side of the 2nd [ of the 
amorphous silicon concerned with which it filled up / said ] field, The process which carries out 
* penetration formation of two or more holes at the process which forms the film for nozzle plate 
formation on the field concerned by which flattening was carried out, and the film for nozzle 
plate formation formed on said amorphous silicon, the process which removes said amorphous 
silicon through said hole, and the hole which serves as said nozzle orifice after removing the 
amorphous silicon concerned — it can have further the process which closes the hole of an 
except. In addition to said advantage, by this, a nozzle plate can be formed easily. 
[0022] The piezo electric crystal component by which this invention was formed in the 1st field 
of a single crystal silicon substrate further again, Said piezo electric crystal component of said 
single crystal silicon substrate, and the ink cavity formed in the corresponding location, The 
nozzle plate with which the nozzle orifice which carries out the regurgitation of the ink which 
was prepared in the 2nd field located in the opposite side of the 1st field of said single crystal 
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silicon substrate, and was held in said ink cavity was formed, The process which is the 
♦ manufacture approach of a ink jet type recording head, and forms a piezo electric 

crystal component on a single crystal silicon substrate, Said piezo electric crystal component of 
said single crystal silicon substrate, and the process which forms an ink cavity in a 
corresponding location, The process filled up with amorphous silicon in said ink cavity, and the 
process which carries out flattening of the field by the side of the 2nd [ of the amorphous silicon 
concerned with which it filled up / said ] field, The process which carries out penetration 
formation of two or more holes at the process which forms the film for nozzle plate formation on 
the field concerned by which flattening was carried out, and the part formed on the amorphous 
silicon of the film for said nozzle plate formation, the process which removes said amorphous 
silicon through said hole, and the hole which serves as said nozzle orifice after removing the 
amorphous silicon concerned — the manufacture approach of the ink jet type recording head 
equipped with the process which closes the hole of an except is offered. By this, a nozzle plate 
can be formed easily. 

[0023] Furthermore, this invention offers the manufacture approach of an ink jet recording head 
of having adjusted the timing which introduces said wet etching to the optimal thing on the 
production process of a piezo electric crystal thin film. 
[0024] 

[Embodiment of the Invention] Next, the ink jet type recording head concerning the gestalt of 
operation of this invention is explained with reference to a drawing. 

[0025] (Gestalt 1 of operation) The sectional view showing a part of ink jet type recording head 
which drawin g 1 requires for the gestalt of operation of this invention, and drawing 2 are the 
process sectional views showing the production process of the ink jet type recording head 
shown in drawin g 1 . 

[0026] the silicon oxide 2 which is a diaphragm, and the platinum film 3 which is the bottom 
electrode which serves both as the diaphragm are formed in the 1st field of the single crystal 
silicon substrate 1, and the ink jet type recording heads concerning the gestalt 1 of operation are 
the PZT film 4 and an upper electrode to the predetermined field on this platinum film 3 (piezo 
electric crystal component formation field), as shown in drawing 1 — platinum film 5 drawing 
formation is carried out. Furthermore, the ink cavity 20 is formed in the part corresponding to 
the field in which the PZT film 4 of the single-crystal-silicon film 1 is formed. On the other hand, 
the nozzle plate 10 with which nozzle orifice 11b which carries out the regurgitation of the ink 
held in the ink cavity 20 was formed is formed in the 1st field of the single crystal silicon 
substrate 1, and the 2nd field of the opposite side. 

[0027] It is the method (110) of a field of said single crystal silicon substrate (100) so that the 
wall of an ink cavity may tend to be formed of the wet etching using an alkali water solution in 
general perpendicularly to the principal plane of a silicon substrate. This invention can be used 
also in which field bearing. 

[0028] the ink cavity 20 is formed even near the 2nd field to the 1st field of the single crystal 
silicon substrate 1 by anisotropy wet etching — having — — this part — the 1st field of 

the single crystal silicon substrate 1 — receiving — abbreviation — it consists of perpendicular 
side attachment walls 7. Moreover, near [ from ] the 1st field of the single crystal silicon 
substrate 1 to the 1st field is formed of anisotropy dry etching, and this part consists of taper- 
like side attachment walls 8 which incline towards the outside of the ink cavity 20. 
[0029] Although the compliance of the side attachment walls 7 and 8 of the ink cavity 20 hardly 
changes to it of the conventional ink jet type recording head, since the ink jet type recording 
head equipped with this configuration can enlarge compliance of silicon oxide 2 and the platinum 
film 3, the large amount of displacement of a diaphragm can be taken. Therefore, it is a high 
speed and the regurgitation of the ink held in the ink cavity 20 can be carried out in large 
quantities. Moreover, since the side attachment wall 8 has taper structure, it can also prevent 
that distortion arises in the single crystal silicon substrate 1. Moreover, since near [ from ] said 
1st field of the ink cavity 20 to the 1st field is formed of anisotropy dry etching, in case etching 
formation of the ink cavity 20 is carried out, the PZT film 4 and the platinum film 3 can prevent 
being invaded by an etching reagent and the etching resultant before and behind an etching 
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terminal point. Therefore, dependability can also be improved. 

[0030] Next, thp manufacture approach of the ink jet type recording head shown in drawing 1 is 
explained with reference to drawing 2 . 

[0031] At the process shown in drawing 2 (1), thickness forms the silicon oxide 2 which is about 
1.0-2.0 micrometers by the oxidizing [ thermally ] method, for example all over the single crystal 
silicon substrate 1 with a thickness of 200 micrometers. Next, thickness forms the platinum film 
3 which is about 0.2-1.0 micrometers in the 1st field of the single crystal silicon substrate 1 in 
which silicon oxide 2 was formed by the spatter. Subsequently, thickness forms the PZT film 4 
which is about 0.5-5.0 micrometers by the sol-gel method or the spatter on this platinum film 3. 
Next, thickness forms the platinum film 5 which is about 0.05-0.2 micrometers by the spatter on 
this PZT film 4. Then, the resist film which is not illustrated is formed in the piezo electric 
crystal component formation field on the platinum film 5, and it etches by using this resist film as 
a mask. 

[0032] Next, at the process shown in drawing 2 (2), it is on the silicon oxide 2 formed in the 1st 
field of the single crystal silicon substrate 1 obtained at the process shown in drawing 2 (1), and 
the 2nd field located in the opposite side, and the resist film 6 is formed in parts other than the 
field in which the PZT film 4 was formed. Subsequently, wet etching of the silicon oxide 2 is 
carried out by using this resist film 6 as a mask. 

[0033] Next, at the process shown in drawing 2 (3), anisotropic etching of the single crystal 
silicon substrate 1 is carried out by using as a mask the silicon oxide 2 by which carried out 
exfoliation removal of the resist film 6 formed at the process shown in drawing 2 (2), and 
patterning was subsequently carried out with the above. First, this anisotropy wet etching carries 
out etching removal of the single crystal silicon substrate 1, using a potassium hydroxide (KOH) 
as a solute of an etching reagent, after carrying out etching removal of the silicon oxide 2 as an 
etching reagent using a fluoric acid system solution. In addition, the gestalt of this operation 
performed etching of this single-crystal-silicon film 1 by Mr. about 1 80-1 90-micrometer Fukashi. 
the field which serves as the ink cavity 20 of the single crystal silicon substrate 1 according to 
this process — said 1st field — receiving — abbreviation — the perpendicular side attachment 
wall 7 was formed. 

[0034] Subsequently, at the process shown in drawing 2 (4), the anisotropy wet etching 
performed at the process shown in drawing 2 (3) is changed to anisotropy dry etching, and the 
single crystal silicon substrate 1 is etched further. This anisotropy dry etching as etching gas 6 
sulfur-fluoride gas, Or the organic gas containing a fluorine element or the mixed gas of the 
organic substance containing 6 sulfur fluorides and a fluorine element is used. Reaction pressure 
and the mixed rate of said mixed gas were suitably adjusted so that the side attachment wall of 
the ink cavity 20 after etching might become the target configuration, and it carried out until 
substrate temperature is exposed at a room temperature with the energy of the RF outputs 
100W-2000W and silicon oxide 2 was exposed on the conditions for 5-30 minutes. By this 
anisotropy dry etching, the taper-like side attachment wall 8 which inclines towards the outside 
of the ink cavity 20 between a side attachment wall 7 and silicon oxide 2 was formed. 
[0035] Thus, the ink cavity 20 of a configuration of having mentioned above was formed 
according to the process shown in drawing 2 (3) and (4). With the gestalt of this operation, since 
the ink cavity 20 is formed with the combination of anisotropy wet etching and anisotropy dry 
~ etching, the platinum film 3 and the PZT film 4 can prevent being invaded by an etching reagent 
and the etching resultant in the case of this process. 

[0036] Next, amorphous (amorphous) silicon 9 is filled up with the process shown in drawing 2 (5) 
by the plasma-CVD method in the ink cavity 20. Subsequently, flattening of the silicon oxide 2 
currently formed in the 2nd field of the single crystal silicon substrate 1 and the amorphous 
silicon 9 is carried out. Next, thickness forms the metal membrane 10 which is about 1.0-5.0 
micrometers by the spatter as film for nozzle plate formation on the silicon oxide 2 by which 
flattening was carried out, and amorphous silicon 9. In addition, with the gestalt of this operation, 
the metal membrane 10 which consists of nickel was formed. Subsequently, the part currently 
formed on the amorphous silicon 9 of a metal membrane 10 is etched alternatively, and opening 
of two or more holes 11a-11c is carried out. In addition, these holes 11a-11c were formed so 
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that the hole used as a nozzle orifice might be contained in these. 

[0037] Next, at, the process shown in drawing 2 (6), etching removal of the amorphous silicon 9 is 
carried out through the holes 1 1a-1 1c formed at the process shown in drawing 2 (5). This 
etching was performed using the gas containing a fluorine, subsequently, the hole which serves 
as a nozzle orifice among Holes 1 1a-1 1c after this etching is completed — it is closed down 
except 1 1b. Then, the desired process was performed and the ink jet type recording head of the 
structure shown in drawing 1 was manufactured. 

[0038] In addition, with the gestalt of this operation, although thickness of the single crystal 
silicon substrate 1 was set to about 200 micrometers, the thickness of not only this but the 
single crystal silicon substrate 1 may be determined as arbitration with the size of an ink jet type 
recording head to manufacture etc. Moreover, the thickness of silicon oxide 2, the platinum film 3 
and 5, the PZT film 4, and a metal membrane 10 may be similarly determined as arbitration. 
[0039] Moreover, what is necessary is just to perform not only this but anisotropy wet etching in 
the completed ink jet type recording head until the air bubbles generated in the ink held in the 
ink cavity 20 serve as the depth which can be discharged smoothly although the gestalt of this 
operation explained the case where anisotropy wet etching was performed to the single crystal 
silicon substrate 1 to a depth of about 180-190 micrometers. 

[0040] Moreover, although the gestalt of this operation explained the case where the film which 
consists of platinum as a bottom electrode was used, conductive film, such as an alloy of not 
only this but iridium, palladium or iridium, and platinum and a cascade screen of iridium and 
palladium, can be used. Furthermore, with the gestalt of this operation, although the case where 
the film which consists of platinum as an upper electrode was used was explained, conductive 
film, such as an alloy not only with this but aluminum, and silicon, copper and aluminum 2 UMU, 
chromium, a tungsten, and indium-stannic-acid-ized film, can be used. 

[0041] And with the gestalt of this operation, as a metal membrane 10 which constitutes a 
nozzle plate, although the case where nickel was used was explained, not only this but duralumin, 
stainless steel, etc. may be used, and it may replace with a metal plate and a silicon wafer 
ceramics, such as a zirconia, or with the thermal oxidation film may be used again. 
[0042] Although the case where it was filled up with amorphous silicon 9 in the ink cavity 20 was 
explained, not only this but in the ink cavity 20, an etching rate can fill up the quick matter with 
the gestalt of this operation in a predetermined etching reagent further again to the silicon oxide 
by the thermal oxidation which does not contain single crystal silicon and an impurity, a nozzle 
plate, a device protective coat, etc. When an etching reagent is fluoric acid, specifically, it can be 
filled up with PSG (silicon oxide containing the silicon oxide by the plasma-CVD method, 

etc. Moreover, when an etching reagent is a xylene, it can be filled up with NEGAREJISUTO, and 
it can be filled up with POJIREJISUTO when an etching reagent is an acetone. 
[0043] Moreover, the process shown in drawing 2 (5) and drawing 2 (6) which were performed 
with the gestalt of this operation of the ability to apply also to the head pedestal equipped with 
the ink cavity of other structures and the conventional structure, i.e., the production process of 
a nozzle plate, is natural. 

[0044] (Gestalt 2 of operation) Next, the ink jet type recording head concerning the gestalt 2 of 
operation of this invention is explained with reference to drawing 3 and drawing 4 . In addition, 
with the gestalt of this operation, about the same structure as the ink jet type recording head 
- explained with the gestalt 1 of operation, the same agreement is attached and the detailed 
explanation is omitted. 

[0045] The sectional view showing a part of ink jet type recording head which drawing 3 requires 
for the gestalt 2 of operation of this invention, and drawin g 4 are the process sectional views 
showing the production process of the ink jet type recording head shown in draw ing 3 . 
[0046] The difference on the structure of the ink jet type recording head shown in drawi ng 3 and 
the ink jet type recording head (refer to drawing 1 ) concerning the gestalt 1 of operation is the 
side-attachment-wall structure of an ink cavity, the cavity 30 of the ink jet type recording head 
concerning the gestalt 2 of operation is formed even near the 2nd field to the 1st field of the 
single crystal silicon substrate 1 by anisotropy wet etching — having — — this part — the 

1st field of the single crystal silicon substrate 1 — receiving — abbreviation — it consists of 
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perpendicular side attachment wails 7. Moreover, near [ from ] the 1st field of the single crystal 
•■ silicon substrate 1 to the 1st field is formed of anisotropy dry etching, and this part consists of 
taper-like side attachment walls 18 which incline towards the inside of the ink cavity 30. 
[0047] The ink jet type recording head equipped with this configuration is large in the inertance 
of the ink held in the ink cavity 30, and can make small further compliance of silicon oxide 2 and 
the platinum film 3. Therefore, the regurgitation of the very small ink can be carried out to a high 
speed. Consequently, a high definition print higher-density than the conventional ink jet type 
recording head is realizable. Therefore, even if the amount of displacement of the PZT film 4 is 
small, the regurgitation of the ink can fully be carried out. Moreover, since near [ from ] said 1st 
field of the ink cavity 30 to the 1st field is formed of anisotropy dry etching, in case etching 
formation of the ink cavity 30 is carried out, the platinum film 3 and the PZT film 4 can prevent 
being invaded by an etching reagent and the etching resultant. Therefore, dependability can also 
be improved. 

[0048] Next, the manufacture approach of the ink jet type recording head shown in drawing 3 is 
explained with reference to drawing 4 . In addition, with the gestalt of this operation, that 
detailed explanation is omitted with reference to draw ing 2 about the same process as the 
manufacture approach explained with the gestalt 1 of operation. 

[0049] First, after performing the process shown in drawing 2 (1) - drawing 2 (3), and the same 
process, the process shown in drawing 4 is performed. 

[0050] At the process shown in drawing 4 , the anisotropy wet etching performed at the process 
shown in drawing 2 (3) is changed to anisotropy dry etching, and the single crystal silicon 
substrate 1 is etched further. This anisotropy dry etching as etching gas 6 sulfur-fluoride gas, Or 
the organic gas containing a fluorine element or the mixed gas of the organic substance 
containing 6 sulfur fluorides and a fluorine element is used. Reaction pressure and the mixed rate 
of said gas were suitably adjusted so that the side attachment wall of the ink cavity 20 after 
etching might become the target configuration, and it carried out until substrate temperature is 
exposed at a room temperature with the energy of the RF outputs 100W-2000W and silicon 
oxide 2 was exposed on the conditions for 5-30 minutes. By this anisotropy dry etching, the 
taper-like side attachment wall 18 which inclines towards the inside of the ink cavity 30 between 
a side attachment wall 7 and silicon oxide 2 was formed. 

[0051] Thus, the ink cavity 30 of a configuration of having mentioned above was formed 
according to the process shown in drawing 2 (1) - drawing 2 (3), and d raw ing 4 . With the gestalt 
of this operation, since the ink cavity 30 is formed with the combination of anisotropy wet 
etching and anisotropy dry etching, it can prevent that the platinum film 3 and the PZT film 4 are 
invaded by an etching reagent and the etching resultant in the case of this process. 
[0052] Next, the process shown in drawing 2 (5) and drawing 2 (6) and the same process were 
performed one by one, and the ink jet type recording head of the structure shown in drawing 3 
was manufactured. 

[0053] (Gestalt 3 of operation) Next, the ink jet type recording head concerning the gestalt 3 of 
operation of this invention is explained with reference to dr awing 5 and drawing 6 . In addition, 
with the gestalt of this operation, about the same structure as the ink jet type recording head 
explained with the gestalt 1 of operation, the same agreement is attached and the detailed 
explanation is omitted. 

~ [0054] The sectional view showing a part of ink jet type recording head which drawing 5 requires 
for the gestalt 3 of operation of this invention, and drawing 6 are the process sectional views 
showing the production process of the ink jet type recording head shown in drawing 5 . 
[0055] The difference on the structure of the ink jet type recording head shown in drawin g 5 and 
the ink jet type recording head (refer to drawin g 1 ) concerning the gestalt 1 of operation is the 
side-attachment-wall structure of an ink cavity, the cavity 40 of the ink jet type recording head 
concerning the gestalt 3 of operation is formed even near the 2nd field to the 1st field of the 
single crystal silicon substrate 1 by anisotropy wet etching — having — — this part — the 

1st field of the single crystal silicon substrate 1 — receiving — abbreviation — it consists of 
perpendicular side attachment walls 7. moreover, near [ from ] the 1st field of the single crystal 
silicon substrate 1 to the 1st field forms by anisotropy dry etching — having — **** — this 
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part — the 1st field of the single crystal silicon substrate 1 — receiving — abbreviation — it 
consists of perpendicular side attachment walls 17. 

[0056] Since near [ from ] said 1st field of the ink cavity 40 to the 1st field is formed of 
anisotropy dry etching, in case the ink jet type recording head equipped with this structure 
carries out etching formation of the ink cavity 40, it can prevent that the PZT film 4 is invaded 
by the etching reagent. Therefore, dependability can be improved. 

[0057] Next, the manufacture approach of the ink jet type recording head shown in drawing 5 is 
explained with reference to drawin g 6 . In addition, with the gestalt of this operation, that 
detailed explanation is omitted with reference to draw ing 2 about the same process as the 
manufacture approach explained with the gestalt 1 of operation. 

[0058] First, after performing the process shown in drawing 2 (1) - drawing 2 (3), and the same 
process, the process shown in drawing 6 is performed. 

[0059] At the process shown in drawing 6 f the anisotropy wet etching performed at the process 
shown in draw ing 2 (3) is changed to anisotropy dry etching, and the single crystal silicon 
substrate 1 is etched further. This anisotropy dry etching as etching gas 6 sulfur-fluoride gas, Or 
the organic gas containing a fluorine element or the mixed gas of the organic substance 
containing 6 sulfur fluorides and a fluorine element is used. Reaction pressure and the mixed rate 
of said mixed gas were suitably adjusted so that the side attachment wall of the ink cavity 20 
after etching might become the target configuration, and it carried out until substrate 
temperature is exposed at a room temperature with the energy of the RF outputs 100W-2000W 
and silicon oxide 2 was exposed on the conditions for 5-30 minutes. By this anisotropy dry 
etching, the side attachment wall 7 and the same perpendicular side attachment wall 17 were 
formed between a side attachment wall 7 and silicon oxide 2. 

[0060] Thus, the ink cavity 40 of a configuration of having mentioned above was formed 
according to the process shown in draw ing 2 (1) - drawing 2 (3), and drawing 4 . With the gestalt 
of this operation, since the ink cavity 40 is formed with the combination of anisotropy wet 
etching and anisotropy dry etching, it can prevent that the platinum film 3 and the PZT film 4 are 
invaded by an etching reagent and the etching resultant in the case of this process. 
[0061] Next, the process shown in drawing 2 (5) and drawing 2 (6) and the same process were 
performed one by one, and the ink jet type recording head of the structure shown in drawing 5 
was manufactured. 

[0062] (Gestalt 4 of operation) Next, the ink jet type recording head concerning the gestalt 4 of 
operation of this invention is explained with reference to drawing 7 . 

[0063] The gestalt of this operation explains how to manufacture the ink jet type recording head 
of structure explained with the gestalt 1 of operation by other approaches. In addition, the 
detailed explanation is omitted about the same process as the gestalt 1 of operation. 
[0064] Drawing 7 is the process sectional view showing the production process of the ink jet 
type recording head concerning the gestalt 4 of operation. 

[0065] First, at the process shown in drawing 7 (1), silicon oxide 2 is formed all over the single 
crystal silicon substrate 1 by the same approach as the gestalt 1 of operation. Next, the resist 
film 6 is formed in addition to the field used as the ink cavity 20 on the silicon oxide 2 formed in 
the 2nd field of the single crystal silicon substrate 1. Subsequently, wet etching of the silicon 
oxide 2 is carried out by using this resist film 6 as a mask. 

[0066] Next, in the process shown in drawing 7 (2), after carrying out exfoliation removal of the 
resist film 6, anisotropic etching of the single crystal silicon substrate 1 is carried out on the 
same conditions as the gestalt 1 of operation by using as a mask the silicon oxide 2 in which 
patterning was carried out by said wet etching, thus, the field used as the ink cavity 20 of the 
single crystal silicon substrate 1 — said 1st field — receiving — abbreviation — the 
perpendicular side attachment wall 7 is formed. 

[0067] As for anisotropic etching [ here as opposed to said single crystal silicon substrate 1 ], a 
piezo electric crystal component is performed in the condition of not being formed. Therefore, a 
piezo electric crystal component does not receive damage during this anisotropy wet etching. 
Moreover, it is not necessary to form the protective coat to anisotropy wet etching in a piezo 
electric crystal component. For this reason, a production process can be simplified while the 
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dependability of a piezo electric crystal component improves. 

[0068] Next, thp piezo electric crystal component which consists of the platinum film 3, PZT film 
4, and platinum film 5 is formed in the 1st field of the single crystal silicon substrate 1 in which 
silicon oxide 2 was formed on the same conditions as the gestalt 1 of operation. 
[0069] Subsequently, at the process shown in drawing 7 (3), the same conditions as an example 
1 perform anisotropy dry etching to the single crystal silicon substrate 1 by using as a mask the 
silicon oxide 2 which carried out patterning at the process shown in drawing 7 (1). Thus, the 
single crystal silicon substrate 1 was etched still more deeply from the halt location of the 
anisotropy wet etching performed at the process shown in drawin g 7 (2), and the taper-like side 
attachment wall 8 which inclines towards the outside of the ink cavity 20 between a side 
attachment wall 7 and silicon oxide 2 was formed. 

[0070] Then, the process shown in drawing 2 (5) and drawing 2 (6) which were explained with the 
gestalt 1 of operation was performed, and the ink jet type recording head of the structure shown 
in drawing 1 was manufactured. 

[0071] (Gestalt 5 of operation) The 5th operation gestalt is explained based on drawing 8 R> 8 
below. In addition, in the operation gestalt explained after this, the ink jet type recording head is 
illustrated as a sectional view which cut the recording head of drawing 1 by the perpendicular 
cutting plane toward space. 

[0072] It is the modification of the process of drawing 7 which is shown in drawing 8 . In the 
process of (1), silicon oxide 2 is formed on a silicon substrate 1. In the process of (2), patterning 
of the silicon oxide of the 2nd field of a silicon wafer is carried out. At the process of (3), from 
the opening 21 of the diacid-ized silicon in the 2nd field of a silicon wafer 1, silicon is etched by 
the anisotropy wet etching method, and half etching for forming the ink cavity 20 in the single 
crystal silicon substrate 1 is performed. 

[0073] At the process of (4), the laminating of the lower electrode layer 3, the PZT film 4, and 
the up electrode layer 5 is carried out to the 1st field of a silicon substrate 1 one by one. 
Furthermore, in the process of (5), a resist 80 is formed in the 1st field of a silicon substrate, 
and the up electrode layer 5 and the PZT film 4 are etched in the process of (6). 
[0074] At the process of (7), this resist 80 is exfoliated and the resist mask 82 for lower 
electrode etching is formed in the process of (8). Subsequently, patterning of the lower electrode 
is etched and carried out in the process of (9). 

[0075] Furthermore, in the process of (10), a resist 82 is made to exfoliate, and an interlayer 
insulation film 84 is formed at the process of (1 1), and the wiring 86 to an up electrode is formed. 
Subsequently, in the process of (12), the single crystal silicon which remains in the ink cavity 20 
by anisotropy dry etching is etched to the silicon oxide 2 by the side of a component. The ink jet 
record type head as a modification of drawing 7 is completed by the above. 
[0076] In this process of a series of, after forming silicon oxide, wet etching is carried out, and 
dry etching is performed at the last of a process. Although anisotropy wet etching needs to form 
an alkali-proof protective coat in a component side at the time of etching since it is strong-base 
nature water solutions, such as KOH, it can form a reliable actuator and an ink jet printer head 
easily at a process here, without needing a protective coat, since wet etching is performed in the 
condition that PZT etc. is not formed. 

[0077] (6th operation gestalt) The process concerning this operation gestalt is explained based 
- on drawing 9 . In the process of (1), silicon oxide 2 is formed on the single crystal silicon 

substrate 1. The lower electrode layer 3 is formed in the 1st field of a silicon substrate 1 in the 
process of (2). Furthermore, opening is formed in the silicon oxide 2 of the 2nd field of a silicon 
substrate 1. 

[0078] Subsequently, in the process of (3), a protective coat 90 is formed on the lower electrode 
3. In the process of (4), half etching of the silicon is carried out by the anisotropy wet etching 
method from the 2nd page of a silicon substrate. Subsequently, said protective coat 90 is 
removed in the process of (5). Subsequently, in a process (6), the PZT film 4 and the up 
electrode layer 5 are formed. Future processes follow (5) of drawing 7 . 

[0079] With this operation gestalt, after the lower electrode layer 3 is formed, half etching of the 
silicon oxide was carried out by the anisotropy wet etching method, and dry etching is given to 
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the last of a wafer process. Since the lower electrode 3 is formed from Pt or Ir even if the 
- etching-proof nature of the etching protective coat 90 is not perfect and there is a pinhole, 
since wet etching is performed in the phase where the piezo electric crystal thin film is not 
formed according to this process, damage does not occur in a lower electrode. Furthermore, it is 
also possible to omit protective coat 90 itself. Therefore, a reliable actuator and an ink jet printer 
head can be formed easily. 

[0080] Moreover, in the process here, the silicon oxide in the 1st field of a silicon substrate is 
protected by the lower electrode 3 in the case of etching of the silicon oxide in the 2nd field of 
the silicon substrate 1 in the process of (2). Therefore, it becomes possible to prevent that the 
thickness of silicon oxide is spoiled as much as possible, and to prevent changing the oscillation 
characteristic of the silicon oxide as a diaphragm. 

[0081] (7th operation gestalt) This operation gestalt is explained based on drawing 10 . With this 
operation gestalt, silicon oxide 2 is formed on a silicon substrate 1 in the process of (1). At the 
process of (2), the lower electrode layer 3 and the PZT film 4 are formed on silicon oxide 2. 
Opening 21 is formed in the silicon oxide 2 by the side of the 2nd [ of a silicon substrate ] field 
in the process of (3). 

[0082] In the process of (4), a protective coat 90 is formed on the PZT film 4. At the process of 
(5), half etching is performed to a 2nd [ of a silicon substrate 1 ] field side by anisotropy wet 
etching. Subsequently, said protective coat 90 is exfoliated in the process of (6). Futurex 
processes follow the same process as (5) or subsequent ones of drawing 8 , after forming the up 
electrode layer 5. 

[0083] In a process here, after forming the piezo electric crystal thin film 4, half etching (etch to 
the middle of an etched layer.) of the silicon was carried out by the wet etching method, dry 
etching is given to the last of a process, but since it is the wet etching in the phase where the 
photolithography process is not performed to a component side yet, there is no contamination of 
a foreign matter etc. on a wafer, and the etching protective coat 90 does not have the defect of 
a pinhole etc. Therefore, it becomes possible for there to be no damage in a piezo electric 
crystal thin film, and to form an ink room cavity. 

[0084] (8th operation gestalt) With this operation gestalt, as it is in the process of (1) of drawing 
1111 , sequential formation of silicon oxide 2, the lower electrode layer 3, the PZT thin film 4, 
and the up electrode layer 5 is carried out at a silicon wafer 1. Subsequently, opening 21 is 
formed in the silicon oxide 2 of the 2nd field of a silicon wafer in the process of (2). At the 
process of (3), half etching of the silicon is carried out from the opening 21 of silicon oxide. 
Henceforth, the process after (5) of drawing 8 is followed. 

[0085] At a series of processes here, after forming the up electrode layer 5, half etching of the 
silicon was carried out by the wet etching method, and dry etching is given to the last of a wafer 
process. According to this process, since the quality of the materials of an up electrode layer 
are noble metals, such as Pt and Ir, it prevents that an up electrode serves as a protective coat 
and damage occurs on the PZT film. 

[0086] (9th operation gestalt) This operation gestalt is explained based on drawing 12 . In the 
process of (1), sequential formation of silicon oxide 2, the lower electrode layer 3, the piezo 
electric crystal thin film 4, and the up electrode layer 5 is carried out on a silicon wafer 1. At the 
process of (2), a resist 80 is formed in the 1st field and 2nd field of a silicon wafer, respectively. 
* [0087] Subsequently, opening 21 is formed in the silicon oxide 2 of the 2nd field of a silicon 
substrate 1 at the process of (3). Subsequently, in the process of (4), the up electrode layer 5 
and the PZT thin film 4 are etched. At the process of (5), exfoliation removal of the resist of 
both sides of a silicon substrate is carried out. The process of (6) forms a protective coat 90 in 
the 1st field of a silicon substrate. 

[0088] At the process of (7), opening is formed in the silicon oxide 2 in the 2nd field of a silicon 
substrate, and, subsequently half etching of the silicon is carried out by the anisotropy wet 
etching method. Subsequently, a protective coat 90 is removed at the process of (8). 
Henceforth, the process of (8) of drawing 8 is followed. 

[0089] At these processes, after parts with a main piezo electric crystal component are formed, 
silicon was etched by the wet etching method and, finally dry etching is given. With this operation 
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gestalt, since wet etching is performed before forming the interlayer insulation film by the 
* organic thin film, the organic film can be selected as a protective coat 90. Since the organic film 
can be formed by easy approaches, such as spin coating, it leads to the simplification of a 
process. It becomes possible to form a reliable piezo electric crystal component, improving the 
yield, since a process can be simplified. 

[0090] (10th operation gestalt) Next, the 10th operation gestalt is explained using drawing 1 3 . 
The process of (1) - (5) of this operation gestalt is the same as it of drawing 1 2 . At the process 
of (6), it forms resist 80 according to the pattern of this electrode on the lower electrode layer 3. 
At the process of (7), a resist 81 is used as a mask and patterning of the lower electrode layer 3 
is carried out. A resist is exfoliated at the process of (8). At the process of (9), a protective coat 
90 is formed in the electrode side of a silicon substrate, and silicon is etched by the anisotropy 
wet etching method from the opening 21 of the silicon oxide in a 2nd [ of a silicon substrate ] 
field side. A protective coat 90 is removed at the process of (10). 

[0091] At these processes, after etching the lower electrode layer 3, half etching of the silicon is 
carried out by the wet etching method. The following effectiveness will be acquired if it does in 
this way. 

[0092] Noble metals, such as Pt and Ir, are used for the ingredient of a lower electrode. Although 
the organic poly membrane of a fluororesin is used for an etching protective coat, this fluorine 
system organic poly membrane has low adhesion with Pt or Ir, and has the problem on which an 
etching protective coat exfoliates at the time of wet etching. However, since the silicon oxide 
film 2 is exposed after etching a lower electrode, the silicon oxide film and an etching protective 
coat stick more, and a protective coat does not exfoliate at a wet etching process. Therefore, it 
becomes possible to obtain a reliable piezo electric crystal thin film by the high yield. 
[0093] (1 1th operation gestalt) Next, the 1 1th operation gestalt is explained using drawing 14 . 
The process of (1) - (7) of drawing 14 is the same as the process of (1) - (8) of drawing 1 3 . At 
the process of (8) of drawing 14 , the interlayer insulation film 84 by the side of the piezo 
electric crystal component of a silicon substrate is formed. At the process of (9), the laminating 
of the protective coat is carried out further. (10) carries out half etching of the silicon from the 
opening 21 of silicon oxide by the anisotropy wet etching method. 

[0094] At the process of (11), a protective coat is removed and wiring which leads to the up 
electrode 5 is formed. At the process of (12), it etches until the silicon oxide 2 in the 1st field 
exposes silicon by anisotropy dry etching. 

[0095] after forming an interlayer insulation film according to these processes — a wet etching 
process — carrying out — the last of a process — a dry etching process — ****** — things 
can attain the following advantages. 

[0096] Since the lower electrode with which the etching protective coat and adhesion which are 
a fluorine system poly membrane consist of a low noble-metals ingredient is completely covered 
with the interlayer insulation film, adhesion is carrying out the laminating of the etching 
protective coat to the high interlayer insulation film as a result, without contacting a lower 
electrode. Therefore, the damage by the KOH water solution which is etching does not occur for 
a piezo electric crystal component at the time of wet etching. 

[0097] (12th operation gestalt) Theiollowing operation gestalt is further explained using drawing 
1 5 . Since it is the same as the process of (1) - (8) of drawing 14 , the process before (1) of 
drawing 15 is skipped. At the process of (1), the wiring 86 which flows in the up electrode 5 is 
formed on an interlayer insulation film 84. At the process of (2), a protective coat 90 is formed 
further. At the process of (3), half etching of the silicon is carried out from opening of silicon 
oxide 2 by anisotropy wet etching. 

[0098] At the process of (4), exfoliation removal of the protective coat 90 is carried out. At the 
process of (5), the silicon of the opening remainder of silicon oxide is etched by anisotropy dry 
etching. In addition, the process of (4) and (5) may be replaced. 

[0099] Furthermore, as a final process, the environmental protection-proof film 1 50 is formed at 
a process (6), it carries out sticking a nozzle plate 160 on the ink cavity 20 side finally etc., and 
an ink jet type printer head is completed. 

[0100] In this operation gestalt, the wet etching process was carried out after the process, 
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and the dry etching process is given to the last of a wafer process. If a protective coat is 
exfoliated after.a process (5), wet etching and dry etching will be carried out continuously. 
Therefore, if the thickness of a silicon wafer is about 200 micrometers, the depth of half etching 
of the mold cavity (or gouy AFURAMU) by wet etching is about 180 micrometers. The wafer of a 
half etching condition will be put to various contamination, if it lets the process of various 
membrane formation and photolithography pass. Foreign matters, such as a particle, cannot 
washing-remcval-make it easily easy to collect on the mold cavity (or diaphragm) of a half 
etching condition. 

[0101] Then, if wet etching #* dry etching is continuously carried out like this operation gestalt, 
since contamination of a particle etc. will not go into a cavity (or diaphragm), it is very reliable 
and the high actuator of the yield and an ink jet printer head can be manufactured. 
[0102] 

[Effect of the Invention] As explained above, the ink jet type recording head concerning this 
invention has the structure which formed the part near the piezo electric crystal component of 
an ink cavity by anisotropy dry etching. Therefore, in case an ink cavity is formed, it can prevent 
having a bad influence on a piezo electric crystal component. Consequently, the ink jet type 
recording head equipped with the reliable piezo electric crystal component can be offered. 
[0103] By moreover, the thing for which the part near the piezo electric crystal component of 
said ink cavity is constituted from a taper which turns and inclines to the outside of the ink 
cavity concerned It adds to said effectiveness. The compliance of the wall of an ink cavity Since 
the large amount of displacement of a piezo electric crystal component can be taken as a result 
of being able to take the large compliance of silicon oxide, and a bottom electrode also 

from hardly changing to it of the conventional ink jet type recording head, either, the 
regurgitation of the ink can be carried out in large quantities at high speed. 

[0104] If constituted from a taper which turns the part near the piezo electric crystal component 
of said ink cavity inside the ink cavity concerned, and inclines on the other hand, in addition to 
said effectiveness, it is large in the inertance of the ink held in the ink cavity, and compliance of 
a diaphragm and a bottom electrode can be further made small. Therefore, even if the amount of 
displacement of a diaphragm is small, the regurgitation of the ink very smaller than before can be 
carried out to a high speed. Consequently, high density and a high definition print are realizable 
conventionally. 

[0105] And after performing anisotropy wet etching to a single crystal silicon substrate, a piezo 
electric crystal component is formed, and as a result of a piezo electric crystal component's not 
receiving damage by said anisotropy wet etching, the dependability of a piezo electric crystal 
component can be improved more again by forming an ink cavity by performing anisotropy dry 
etching after that. Moreover, it is not necessary to form the protective coat to anisotropy wet 
etching in a piezo electric crystal component, and a production process can be simplified. 
[0106] Moreover, since the ink jet type recording head concerning this invention forms the film 
for nozzle plate formation and forms a nozzle orifice in this, it can form a nozzle plate easily. 
Consequently, it can mass-produce easily and a cost cut can be aimed at. 
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* NOTICES * 

« 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing a part of ink jet type recording head concerning the 
gestalt 1 of operation of this invention. 

[Drawing 2] It is the process sectional view showing the production process of the ink jet type 
recording head shown in drawing 1 . 

[ Dr awing 3] It is the sectional view showing a part of ink jet type recording head concerning the 
gestalt 2 of operation of this invention. 

[Drawing 4] It is the process sectional view showing the production process of the ink jet type 
recording head shown in drawing 3 . 

[Drawing 5] It is the sectional view showing a part of ink jet type recording head concerning the 
gestalt 3 of operation of this invention. 

[Drawing 6] It is the process sectional view showing the production process of the ink jet type 
recording head shown in drawing 5 . 

[Drawing 7] It is the process sectional view showing the production process of the ink jet type 
recording head concerning the gestalt 4 of operation of this invention. 

[ Draw i ng 8] It is this process sectional view concerning the operation gestalt of further others of 
this invention. 

[Drawing 9] It is this process sectional view concerning the operation gestalt of further others of 
this invention. 

[Drawing 10] It is this process sectional view concerning the operation gestalt of further others 
of this invention. 

[Drawing 1 1] It is this process sectional view concerning the operation gestalt of further others 
of this invention. 

[Drawing 12] It is this process sectional view concerning the operation gestalt of further others 
of this invention. 

[Drawing 13] It is this process sectional view concerning the operation gestalt of further others 
of this invention. 

[Drawing 14] It is this process sectional view concerning the operation gestalt of further others 
of this invention. 

[Drawing 15] It is this process sectional view concerning the operation gestalt of further others 
, of this invention. 

[Description of Notations] 

1 Single Crystal Silicon Substrate 

2 Silicon Oxide 

3 Platinum Film 

4 PZT Film 

5 Platinum Film 

6 Resist Film 

7 Side Attachment Wall 

8 Side Attachment Wall 

9 Amorphous Silicon 
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10 Nozzle Plate 
11b Nozzle orifice 

20 Ink Cavity 

21 Opening for Wet Etching Formed in Silicon Oxide 
30 Ink Cavity 

40 Ink Cavity 
80 Resist 

84 Interlayer Insulation Film 
86 Wiring 

90 Protective Coat for Wet Etching 
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[0013] **LM**fc. MEm20)®fi. ea^ffi 
doo) r-fty, mrEiiAtt^x^ hi^f>^i 

3 0 **>\ *ffl<BOfrfe^r. r-r- — /< — j t\t. mm 

[0 0 14] *fc % #$gBJ(i. JMIA^U S>&«E0>1I 

io)aifc^^^tuyci±mf*m¥<t. siiH*gay'j3> 

•KcDWEffiWitmT-^SB^SttMrc^rtaFttfe-f > 
jW&JS^tufcyXvUffii, ^H^vi'V hstE 

•^^ K-efto-c, 9l«3-f^^efy(t ffliss i 

— ^6«P"*-f >^2>xy hSEft^^ K*««"r**a> 
[0 0 15] ^L"C*7c. **IBI4. *JS»vUa>at 



KaER^^ KT-ftoT. IfflE-f >£**e-r-r 14* gft 

Em 1 a>ffiO)5S«36^JK 1 a)ffi*"ea)««ic»rt**ir 
[ooi e] */c. **sjf4. *ea->y=i>tt«<DiB 

»«0)lWEBE«i**Tfc»a;^*ttBlc»«**Lfc-f > 

n-vef^, BffEiMS«*>y3>»«[<D*i offio) 

EHt»T*Mt4lSi:, WE*«ai/y 
<DimEEE«<**?-i:»JC-r4tt«lzJl*tt^x^ hx^ 

^>y*a«Mfcffaofci». i«itS/5ttK7^x 
Jt^rftttiflt-r-stiiD^ft-Bo ^<D»a*a^<fey. m 

[0 0 17] *fc % *%9Hi % ttEJUtA^U 

E-f >**-^eT-<4:»*6-r*tt«!cE«****»* 
t^xgt, IflBESiHimtjML meJHttA^U=i 

*ft*a«-r*t(0-eft4 o co'ss^tt-ett. 

7hX7f>^ff5u(!:^t5, Lf:i)^r, Z(D 
H^teOx^/ Kx-;^>yipfzffi*<»*^S«*seit 
4Ci^<ftt\. Effi*^l:^MOx 7 h 

x^^>yi=»-r*#B«*»«-r*4«8ti<i:^. 

S*flBKfc-r*c:i:At-e*-6 0 

[0018] lEWtt-sxvuvf^it njiem 

ItK^-f xy^>^li % fflEmiO)®(Z)ifi«3i)>P,»1<7> 

[0019] *LT*fc* iieiM^x 7 hx^f> 
'/li. IHrBJMM*>y=a>SSa)«A%tt (110)® 
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[0 0 2 0] fe*lMi*fc* miBS^Ttt^X-; hl^f 

></\t. rosacea ->u a >*fi<D«ss^rtt: moo 

[0021] mcsift^tttt. e^-r 
wiciMiJtvya>s£ttT*xa<k* »K3t«**ifc 
*as*> u =i xDfijaam 2 (^sfiij^s^^^b-r i>ii 

?L*^LriKrE#lllli/UaV*»*-r4XBi:. MSK 
MJtv'Ja^UiLfc*, flIEyX;ul»P£ft**L 

ia*a>?L*»jtr«xafc. *4 6r=«jt*zfc*t-e# 

[0022] £&r=$fc. J»ttJli/U3>tt 

H^^ttft^, itE***^ y = 1 

s±icffimf**^t»*-r*xat, nBrnmrntsv* 

u=i>a>ttE*2a)H«ia>iit¥*fc-r*xafc. 

a<b. ttE-/X;HE»j«ffla)«a)#«K->U3>±iz» 
***tfc»»lc«[«a)TL*Jtil»*-r«xai:» WE*, 

LtiE#iM$/ u □ Ritiiit, mm* 

[0 0 2 3] *fl601f±* M^X7hX 7 f> 

[0 0 2 4] 

[0025] inmoi&m 1 ) an*. *&h;3(7)3ij£<& 

SB. H2li. SllCTxt^^yi^haE8^7K 

(DSitxa s-^-r iir an h t* s> 4 0 

[0 0 2 6] HS£<DffS8l1 IcRS-f hs£Eii 



\Z % PZTl4M±lSt*^,^7ftl5lM* 

*itl^4 0 t^lz^ fgSv'j3>Iia)PZTl4*< 

1 omi <nm t&ttmom 2 <omzit. ^>^*^tff 
-r 2 owizj|R§$ttfe-r>^$-?tai"r^y xjubsp 1 1 

[00 2 7] ^^^ef^^v'j3>ss(0i 
®c:*t L -effing iz. yju* u 7K»a*ffli^fc^x ^ 

*i/»j3>»«0)ffi»iitt, Mio) *4im* (1 o 

[0028] ^>^^r^e^-r 2 Or*. *MS/'J3> 

Xfi 1 <D»2a)ffi^?,m 1 o)ffia>ifi«*-eA<»*tt^x 

SUv'U 3 1 (DS 1 <DSfC*tLTB&Si6fcflyS7 

^6«***ir^*. *Mi/>j3>if 1 (7>jg 
[0029] ZLoymWL'Zmxtc^^'WjLv hSE»^ 

? ki*. e^w 2 oa>iiijM7xt;8(D=i>^ 

tt & M £f Kfo & ft 1^0) (C 4p ****sb £ t\ V "J =3 

2 & ^ ^ "t-K 3 0) 3 > ? 9 -f 7 > X £ ^ # < -T £ C 

LfcA<ot, -f >^*tef-r 2 0rtlzJRg$*L 

> y 3 >Sffi 1 ica**** i; £ c t ^teit-r 3 z <t t r 
££ Q -< ^^^-ve^f-f 2 o(dmibi 1 o®coifi 

^b$iOT$t* »*ttK^-fx^^>yf=j:y 
^fiE-T^BRlc. PZTB4M?7ftl3A<Iyf 

ffltt » m -t-r ^ Z ,b t T*^ ^5 o 
[o o 3 o] ;^rc. ei 1 i:jf^>^vi7 KSES^ 

[0 0 3 1 ] ■2(1)|:*tlitlfc fliLK. J5£2 

OO/im(D»|!flyiJa>»tl04iil:, Utf1. 

0-2. o/imaKa)S/ya>afcK2t»aflsafcj: 
y vua>a^a23&<»fiE*tifc*« 

fti/ya>at«ia>SBl<Dffilc. «J»35<0. 2-1. 0 
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;jfci^Tf. ca)^7fti3±i:, m&tfo. 5~5. 0 

ai^yasja-r*. z<dpz tm4±iz s 

0. 05-0. 2 |im^g(7)^5^^5^X/<^^^ 

[0032] 0 2 (2)ic^-rxgT*(i. El 2 (Die 

[0 0 3 3] 0 2 (3)IZ^-TXST*(i. H2(2)|:i 

^■rxa-ejKrtLfcu^x h«6*««ii»5fiL. 

MlSTv ^ * — x > $r * tifc v U =» 2 £ X ^7 <t 

<D»*tt^x«/ hx^^>yi±, x-/^>^;*j£<t 
L T ? jS Ltv'J a >»<fcffi 2$i7f 

^7 A (KOH) £JBIV JMS»v'Ja>»ttl S-x^^ 

'J =I>H 1 (OJLy^l'tnt. 1 80-1 90/imiSfl) 
S8**-Cfr-3fc. za>XBlCj:y % Iggv'j3>Sffi 

1 (Do^^tj^ 2 oift*«wz. mtasi <om 

[0 0 3 4] ^fel^ HI 2 (4) IZ^-TXig-ef* . HI 2 (3) 

i^-rxg-cff-3fcs^tt^x^ hx 7 f^ssstt 

K^x^vyizgjy»*.-c\ ^bi:fgSv'j^> 
|* % X7f>^XtLt, A7?flrtMt#x« 

^ffi;gS7b<^-eiSil^£ii^i 1 o ow~ 200 owcox 

y. ««7^vij3>»iba2^<DiHfc % 

Ltzo 

[003 5] Z<D£5IZ^ IH2 (3)St/(4)fe^-rXg(C 

cty. roa«Lfc*jatt-<>$**e-T-r 2 osml 

^ef<2 0jMt4f:^ Z(7>Xfltf>Ggl^ 
tl3MPZTg4^ X^^>^>S&t/x^^>^ 



[0036] gj2 (5)fc^-rxg-ei*. 4ZsO* 
S^5X^CVD^fcJ:y5tiS'r*o *LM?, fSiy 

y =» 1 ©*2 0)ffiic»jas*Lr i^**>y 3 
<k * ttfc i> y =3 <big 2 x mmm. v'ja>g±i:, 

/Xj«^0)I<t LT. K«3ft<1 . 0-5. 0/im 

igo^in o^x/^^^^ic^or^jfi-r^o tc 

BtfLLtzo &JBS&1 oa)3«S*>ya>9±fz: 

»fifc**iTl*4»#*. SS?Mlcx-/^>^L. «ft® 

TL1 1 a~1 1 c^ggP-r^ 0 4ffe % d(7>?l1 1 a~1 

[0037] ;*ic. h 2 (6) fc^-rxar*(i . Hi 2 (5) ic 

7F"rxar^jS:Lfc?Ll 1 a~1 1 cS^LTMIv 

[0 0 3 8] fcfc. $8|y'Ja> 
S*5 1 0>^J5£2 0 0// mgJldrLf:^ Z4xlc|g^ 

KxCSB^-n^ KO-y-^T XttiflCcfcyffElcSiSL 

5. PZTI4, 0<DBt»tl^«lc, ffiSlcjfc 

[0 0 3 9] ***0)»tt-cr*. ^SvU3> 

x-/ hx^^>ytfrofcii*lzoixrttWLfcA<. C 
tLle|St>-r. S^tt^x-/ hiyf^^lfc ^fi£L^-r 

2 0 icilxg £titz<>< ls<?cpT§&±L fcft / i SA<X A-X ic 
» iiJ -C * ^>3i S t ft % * T-fTii K «*: l> 0 
[0 0 4 0] **Jfi<DJKfflr(*. TlSdrLt^ 

L>li-T y ^^Air^T^^-^CD^. -f'J^AiA7 

^h>ic. *mm<DB&V\t* ±tSi:tr^7ft^b 
^^^*^fflL^lg^lCOlATl%B^L^A<C^LlC|S^ 
fs ffil^tf. 7^S-^ ->y =i>i:ffi<b:T;US-0 

[0041] -€-LT*tc. *HJ6(D^ffi-e(±. yx^s 
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[0042] sale**:, *»fea>»I|-ci*. 
ttr-r 2 0Wlz*SHS/U=i>9*ftttLfca^o 

= Hewlett, a*. 

tt % x^^>^3»36<^^tta)ii*fcr4 % psg (UA,* 
^f£yUa>MI) ^?7X7CVDSi:j:4viJ 

[0 0 4 3] *fc % **H©»«-effofcB2(5)atX 

b 2 (6) i^-rxg. -r y xsMEottftxais* 
[0044] (mmnmm 2 ) sfciz, *^^<DHffia)^ 

ffi2UH$£-f vx*y haEH^^ KfcoiNT. B3 
«*KWl4*Brr*o 

[0 0 4 5] HI 3 (4. *^<Eglffi<7)^&2lC&£>f > 

[0 0 4 6] |Sl3IZ3ft'$"-f>^S/x^ ha^IBfi^'y K 

£a>«ti6Jt<DilLM4. ^^^Cf-ffl) 

Ktt^s/ K(D^tT-r 3 0(4. JMMi/U3>aMRl 
0)« 2 (DS*^ bS 1 0I0ififif t'^IIStt^X *v hi 

oco^J(cfa](trM<7 L — 8*>b«j£S 
[0047] c<7)«tjs*<ixfc-f »5iv hsiaa^ 

*y KI4. >n+ef-r 3 ortl::i|x§£*iy"-*f ><70) 
^ft-^XS^<, $blcv'j 3 >8«2i:^7 
5 1 ^3(D=l>^^^7'>X5/jN^<-e^>5o Lfrtfo 



^a&r/x-/^>^fijt^rt«Bfc < fcoT«**L*zt s 

[0 0 4 8] B3fz^-TY>^^x^ hSE»^s 
fe. ca>5816a>»ffl-TM4. *16.cD»ffll-ettWLfc»3t 
4BiljBI4*Brf £«, 

[00 4 9] 5fe-f % B2,(1)-B2(3)lC3S-rx«^Pl« 
(BxastrofcflL B4lc^-rxa£fr5o 

[00 50] B4ic^-rxa-ci4. b 2 o) ic^-rxis 

•CftofcR^tt^x^ H^f^t**tt K7-fx*; 
T><?\zV}i)WHX. 4 6rzJMB»S/'J=i>*«H&x 
7f>^t4o c<D»Stt K^-fx^^/fr*. x^ 

ttt?*«W)a*^$*fflL, x^9r>«r*a)-f > 

ft£mB#X0>S«SI«««BBU SttUMIl 
1?*ffl;tti±J* 1 0 0W~2 0 0 0WOlW-t5- 

tzo ca)*SttK : 7Yx^5 1 >^'ic«fcy, ffiijS7<t->»j 
2 tannic. Y^^tj-r 3 oattflic 

|S]ltr«<T— /^-ttOfflfil 8*»*Lfc. 
[005 1] ZCOctdl^. B2 (1)-B2 (3)2fetfB4lc 
itliCJ: U . WaiLfclt^-O^^r-ve^-f 3 0 
*J&fifcLfco *361fi<Dfl3JBTf4. m*tt^x>v hi7f 
>^i:**ttK5-rx^^>yi:(D«[^**7-frrcJ:or 

IC. ^7ftl3WP2Tl4^l7f>^Mx 
*y ? > y J£JS±j£^ l= cfe -a £ *i « c: <t £ Kih-T £ c 

[0 0 5 2] M2. (5)&tf0 2 (6)fC^-rxa<t|s3 

«a>xa*«*ffiv B3fc^-r«n©-r>^5;x-/ h 
[0053] (ni6<D^ai3) xiz, *&BMc»mm<Dte 

(4. Sl^i^Sl t»RLH>^5iy hSIBtt^^ 

lfflft3£^(4«BS^-^o 
[0 0 5 4] 0 5 14. *«M(DS81fia)»ll3»z«4-f > 
J5i*; h»B»^^ KflD-«*3F-rWBB, B6f4. 

■rxa»f®iiir*fc^ 0 

[0 0 5 5] i5l:it<^vi7 hStBH^ K 
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v=?>7\z±yw*fiL-£inxtev^ z^sp^ii. $gsv 

'J a 1 com 1 <D® \z% LTB&^ttSMIiJg 7 Ax £>« 

[0 0 5 6] vx>y hxC35^ 

Kl*. -O^^-Vbf^^ 4 0(DW2Smi CD®<7)ifi^7bN 

Ztixi^&tz&h. Y^^^tff-r4 0jx^f>^ 

Kttg&^&lcoUT. IH6$-#raLrSttBJ-r^o 

[0 0 5 8] 9tT. 0 2 (1)-@2 (3)IC^-rXg<t[5]« 
OX*l£f7o/rgL l3 6lc^-rx^$-fr^o 
[0 0 5 9] 0 6lc^-rxflTffi. U 2 (3) ic^-rxii 

^f>WI) 0 ccom*ttK^^x^^>y(i % x-/^ 
>^;ffX<bLT. A?^bESft;tfX. &Z>Wt7vmjt 

^-Vtf'r-f 2 0(7)fiiJM^@WO)^(z^^ < i;5jSJi£:J± 

W. : ,&V&m}&&tl 1 0 0W~ 2 0 O 0WWX^;^-*C 
5-3 0#<7)3M*T% vU^>i£<bjg2*<BaJ-f ££T* 

ffotco c(7)M^ttK7-rx^^>^(cj:y. mm 1 1 
vu^>^b^2 < b^raic. §ijii7 tmmommtimm 

1 7 £fl2j£Lf- 0 

[006 0] CC0cfc-5lC. 02 (1)~02 (3)Xl/Ei4lC 
^fXfllc^LK 1fij&LtcmJ$.<D<<^<?* J reT'f 4 0 

V^^m^ttK^^x^^^^^cDiffl^^i+lc^or 

IC* ^7ftl3MPZTl4/)<I^f>^SMx 

[00 6 1 ] afcic 12 (5)fi.u:gl2 (6)lC^-rx?S < b[5] 
«<7>Xg£!l;*mv H5lc^-r«itC0^>>>vx^ h 



[0062] (mmnmm*) awe *^ajcoiijfe<D^ 
S4iz-n^^>^i;x^ hxeis^^ K^-3L>r. 07 

[ o o 6 3 ] *HS6^^® r*(i. HJfi(7>^8l i r-S&E L 

[0064] 071*. &m<Dtem4\zm*><<ls<7Z>*V 
hi£&m^v K<DSJitxg$-^-rxgBf®|21-eS)^ 0 

[0065] 5fc-*\ 7 (Dfc^-rxg-cfi. mm<w& 
mi tmm<Djj7£x*s mm£kis i )zi>&fiii<D±m\zis 

U=i>^bM2*^jiE-r^o mvU^Sffi 

1 (Dm 2 CDffifC^jS^tLfc V 'J =1 >Mitm 2±<D*^<7 
**t:^-f 2 O^^^^JU^IZUvX h®6$-fl^fi£f 

>MI2J^X 7 hX 7 f>m o 
[0 0 6 6] E17 (2)lC^-rx^T*(i. l/v^h 

M6*siisi^5&Lyc^, wse^x^ hx^^^^fCcfcLj 

>Sffi10^f^^tff< 2 0<b^:^^lc. M3Sm 

1 0®fzMLTBSMiE^JM7 £te&L+Z> 0 

[0O6 7] :ct\ Mia^av«jzi>Sffiifc^-r 

tfcsr-m^ti&o Lfc/><or. zo^teOx^ hx^ 

Em^^ic^tt^x^ hx^^>^ic^-r^> 

[0 0 6 8] v'J=l>^bK2^fie^tl/c^ 
[0 0 6 9]*l^ 0 7 (3)IC7Ft-Xf§-e(^ HI 7(1) 

X. H7 (2)lC^-TXi@r^o^^75tt^X^ hX^;f 

><7 + ^e^>r 2 0CDHfilJ(r[S]ltTM<^-/^-tt(7)fi!l 
[0 0 7 0] ^-(7)^. HSfiO)^® 1 -et&BJlL*:l2l2 (5) 

Mi2 (6)(c^-rxii^^uN. gji \z^m^<o^> 

[0071] (mmwm 5 ) 5 ommi&mz m 
8[cs^L>r^-r^> 0 ztiVLmzmnztizn 
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[0072] m8ic^^tL^ta)ii. B 7 <DJimo)$Zte 
«-eft*o (i) ©xaicfci^T:. i/'ja>ifiifl)± 

l:vU3>ifkl2SMt^o (2) oxaizfciv 
-C. y 'J 3 ^'Jx; \<DS 2 (Di0)y 'J 3 >»M*/^ 
— £> 0 (3) (DUmT'lt. V'J3>OX/MO 

»2<Dffilcj3i+*-K^bi/U a><DBBP»2 1frt>. > 
•Ja^SRStt'Ji'y hx^>$r&|z£ y JLyT>? 

[0 0 7 3] (4) (DXg-eii, y'J zi 1 (DSR 1 

(7)®icTSumii^3. pzti4, fir, ±ajms^ 
5tni*«ji-r*o £*iz. (5) 0xaiz*a>-c\ v 

'J =1 >^C7?m 1 CDMIC L/vX K80$ML, (6) 
0)XeiZfc^T. ±MSl5i:PZTl4t$l7f 

[007 4] (7) (DXfi-ett. ^(DUvXh8 0$*| 
SILT. (8) (DXflfCfclNT. Tffl5mffix*y^>^ffl 
OUvXh7X^8 2fMt^o #ax-Cr. (9) 0X 

aixastvc* T«Bma*x-/^>^Lr/^— x>^-r 

[0 O 7 5] $ bfX. ( 1 0) (DXaiZfcl^T. UvX 

hs 2**m*i*-c (id (Dx^-eti. jhhuhkbs 
4*ml, fro. ±a5maf::*hraiEf&8 e&mm-t 

£o ^T?. (1 2) (OXSIZfelv-C. ISttK7-<x 

v'j3> * v y =i >®Hbjg 2 * -ex ? 

^>y-r^>o £l±lzj;y. IH70gEfl2«<h LTOM ><? 
[0 0 7 6] c<D-a<Dxaicfci>-c\ vy=i>»{bB 
&|z K7-fX7f>y*SfTotL^ 0 *7Jtt^x-/hx 

#k x^^>^wic*^ffiicB7>u*ytt«Hi«*^fie 
fiKdtiri^fti^ttSr^x^ hx^v^m^ri^ 

£f-tf>fz. *M*Mi:t4^i:4<, flMRttttftl* 

Izfl2j£-C#£ 0 

[0 0 7 7] (meOSIffi^®) ^<DSIlfi^fflfzflR^« 
X^$-El9(ZSr5lxTS£BJ-r^ 0 (1) coxaic^i> 

-r* 0 (2) coxaizfc^r. vy 3>^ffiKD$i a? 

®lcTSi5Ba^3^^fi£-r^ 0 *£lz. vU3>Sfil 

0m 2 0^0 v y =1 >HMb« 2 izmp ^js-r *• 
[0 0 7 8] ;jfe^r*. (3) 0xaixfci*-c. TWma 

3±lZ«ajg9 0%r*f£-tZ> o (4) 0XaiXj3L^T\ 
> y zj >SlS(Dm 2 go fr b HTJttO x 7hi7 ^ 



izj: y *>y =j >^/\-^x^^>y-r^ 0 
(5) (7)xaizfcLxr. wris«KM9 0*»s-r« o 
i^-c. is (6) izfci>-c. P2Ti4at;±ffliisi 

5BWI>, J5l«<0Xaf*. 070 (5) \zm<o 

[0079] z&mMtemx'i*. Tgpma^3fr^iS* 

4xfc»lz*7JttOx-; hx^^>^jS-C->y 3>UftB 

f^ttLTW. C(DXaiC<fc+itf. EEm#»B*>< 
^Jlfc^TL^ca^PgT'Ox-/ h X 7^>^£^ 5 0 

Tr. ^<t^. x^f>v*fiil9 O^ifx^^^ytS^ 

frpt-^i r fr£j&f££;ftTi^*:tf)iz % Tfflsaizti 

«W«fS*L*:i*o ftBfl9 O*04,0£*B§ 

^olx— £ % O^vi'V K^y K^fSmic^ 
[0 0 8 0] ZC:T*0XfffZfc^T\ (2) (DI 

aizfcit^) vy =i>sffi 1 0Dm2 0)®fzfc(t^vy =i> 

«<bB0x^>^0B8, i/'J n>*ffi[<7)*l ojffilzfc 
It §vU3 >S<bB*<T»«a 3 Iz <fc o T«B S *lT U 
Lfc7b<oT. i/ya>K^bB0)KJ»3&<aft^*L4Z 
£*<a*B&Jt**U llfidrLt^y'jz^bKDl 

■MttOTEiii-r * ^ tusit-r a c £ a< pirn * * 4 . 

[0081] (»70)*Jfi^a6) :a)$Hr^io 

fZit-z5^TWB^*r*o C03llfi»»-CI*. (1) 0X1 

izfci^r. f> y xi 1 ±fz v y xi v«*bB 2 *<ffsj£ 
(2) 0xar*fi. y'j3>iM2(D±lcT 

apmaB3 ^ p z TM4£fl2i£-f£ 0 o) ^xaixfc 

^r. y'J xi>Sffi0|g2CD®{|iJ0i>y xi>^bB2fc 
I§f]na52 1 t»fit-j-4o 

[0082] (4) 0XHIZfcl^T. PZTjg40_bfZ 

ill9.o$Mt^ 9 (5) (7>xa-efi. i>yxj>s 

ffil <D«2<Dffi«fX**tt«5x^ hXy^V^IZ^ LJ/\ 

— ^x^^l/^^Jfi-To ^t^t?. (6) (Dxaixfeix 

x. tn&&mm9 o£$m*t%o j^a^xar*. -t»« 

Sl5»flfcS, E18C7) (5) m^<hii]i:xa$-iik 
[0083] zzx<nn:m\zt$i\x. Eiff:ll4^i 

li£Lf:tMl7 KX7f>^t*y'j3>J/N-7x 
(ffix^f^l^ftX'yfVm^ 

io ) LT, x^M(cK7-<x^f>ysiLrLN 

rl^^t^l@■e0 r 7X^ hX7f>y*t*^0)t% ^X 
/\±lC*«|ftira)^»3b<ft<. X7f>y*ftil9 OfX 

fx - v 7b<^f < -f > -v e 7 1 -r ^J^iS-r * c t b< 

[0 0 8 4] (ff8(0fttt^ffi) CCD3&S5fl2®T*li. 0 
110(1) 0Xgixfe^»J:5lx % v'J =3>Ox/\i \~ 
i/'Ja>»k«2, Tffl5maB3. P2TII4, ±« 



(11) 
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«aM5*IB*»fiE-r4o *l*T? (2) (DXaKfcl* 

-c\ vu ^ >^x/\a>m 2 caso) > u =1 >M<tm 2 fzr^ 

P»2 1 $Mtio (3) (DXflTM*. *>'Ja>Bft 

ftli. EH 8 <D (5) JaR(DXg!cfit< 0 
[0 0 8 5] CCT*<7)-jl<7)Xig7?(i. ±3i«8ijg 5 £ 

iltl^o ZCDXHdck*^ ±ffi«ana>ttK*<P 

tU-?X. PZTlll=»«A<*±*r*a)*l»ih-r*o 
[0 0 8 6] (m9C0g|flEB^) Z(0*!j6fl3ffi£|g 1 2 
Clg^lNTiftBJ-f 6o (1) CDXHlCfc^T. V » J =I > 

«II4, fit, ±StflR5tR»Mt«. 

(2) (DXgTf*. v'JZ3>^X/\tf)3l1 CD@Sl/m2 

[008 7] ;^t\ (3) cDxn-eii. vU^^Sfi 
l(0*2<0ffia)i/Un>^bJK2lzBapSP2 i 

*ivc* (4) axatfci^T. ±«HtaiM5±:P 

ZTll4i$l»yf>mo (5) MiTflt, v 
U3^»S0)i»BB©Ui;xh*»Mi»3£-r*. (6) <7) 

[008 8] (7) CDXgr*li. V»j3>St5<7>||2C0 

-^X^^>^-T^ 0 (8) (DXg-e, £BBt9 

0?RSt^, JSL«I*. (H8<D (8) 0>xaic|*<o 
[0 0 8 9] Z*lC><0XaT?I** 

£x^>^u S^lc K^*<x^>^£;&6LTl^ 
£<> za>JjMMg-ci*. W«»KI::<fc&»ra*ft»M£Jf2 

ja-ramicox-/ hx^^>y^j6-ra)r% eiig o 

iLT#«K£*ffi-r*Z£jb<T?£* 0 #«KIi. xt° 

■*-*z£*tnr*fi£ft*. 

[0090] cmi o®Xttft$tt) ;*ic s m^ oomm 

(D - (5) ©xsfi. mi 2<D*tikmcT*$>z>o 
(6) caxfi-eii. T»«aM3±fczo)«a<0/^- 
M:^tL/vxh8 0Mt§p (7) oiir* 

14. I/VX h8 1 *7X^ICLtT«tai3$/^- 

->y-T£ 0 (8) (Dxa-eii. i/^KSMlKt-So 

o) <&xaT?ii* ->U3>*«(z>«afl«ic«HM9 o 

ttetfLL. v U □ >SfiO)R 2 0MI: * 4 y U □ >B 
{fcjg<7>Hf!P2 l^^yUu^SlStt-ix^ hx^fy 
v'ai^otx^f^yt^o d o) <7)xar*ii. ft 



H9 0$R£tlio 

[0091] z*i&<oxaTtt* Tffit8R3$x 7 f 
yyitid^^x^ Kx^^>^-ei/ij n>£ yN _ ^ 

[009 2] T»«aO)*t»f=l*. P t V I r ^0)S:^ 
^>M2*<Rtb-r^)(DT% 8iky'j3>Ii:x^f>/f 

^SUK-r ^ <t *<3te ln 0 Lfc7b<or. *i*#«*y-e« 

[ o o 9 3 ] cm i 1 <7)35Jfi^®) xic* m 1 i omm 
j&js*bi 4*ffiL^r^■r^o eh 4<d m - 

(7) CDXai*. I2I1 30) (1) - (8) Oli^f^i: 
-Cfc5o UN 4 0) (8) <DXar*(4. 5/U3>«fi©E 

w.t*m*®\o>mmmmm& ^zmm-tZo o) 

•efi. susast^, do) lim^tt^ 

x*y hx^^>yflfeicj:y. i/U =3>^bS<OBBPSP2 

[0094] (id a)xa-c(*«a«*i»*L. ±ffl 
«asfcar*iBasjKja-r* 0 (12) (oiitMi, 

M^tt K^-rx^>yiz<fc-3T»y =3 >£ST 1 COSlz 

ft*i/'J =i>ttftM2*<»Ui-r**-ex-/^>y-r« 0 

[0095] z*i&a>xai::«fc*ui. ami&an«»jst 

Lfc&lc. 0x7hx 7 fyyiISIIlL, xflc&fi 
»{cK5-f x^^>yxa*«C-rzi:fcj:y % ;*(*)£ 

[0 0 9 6] :7**»W#*«-c**x*^>yfliHa 

i*»tt^«t^**«*t»^&<c*T»«aA<, swae 
aM-e^fcaa^+iru^^^ieiiMicxy^v^ft 
■ai*T»«aiaMtt-r*c4:3a:<. astt^ski^am 
lft«Mf3ajtLri^*o Lfc^or, ^i7hi7f> 
yB»f=x^^>^-e**KOH*s»af=«fc*yjc— s?aw 

[009 7] (»12 CDHJfe^S) £ b IC2fe<DS«6^ffi 

eh 5*fMLTKW-r*« 0B1 5<o d ) j:ym 
oxiii, iui4(D (D ~ (8) oii<tf5]i:-efe4 
0)T**B§-r^ o (i) a>xan** W»f£»K8 4±c: 

±a5ma5ic»ffi-r^iE^8 6*^js-r^) 0 (2) <dx 

a-eii. ^bf^ii9 0SMt^o (3) (Diit 
(4. UStt^i-y hx^5 L >yic < ^tJ->U=i>^b^2 

[00 9 s] (4) (Bxfreii, ft«IH9 0**|«IR* 
-T^o (5) <DX.mX-l*. R^ttK^-f X-;^>^|ZJ: 

y y'J 3>«<bK<DBflPffiBiy<D*>y =1 V^x^^v^ 
"T^o ftjb\ (4) £ (5) tCDXa^Atlg^TtS 
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[0099] Sbic. Mn^Lt, ■»*«■■ 1 

5 (6) &fik\zj X)\,?\s— h 1 

[0100] z<D^mmmtzni^x\t. EBxaaaic 
(5) o«f=»iui-r*itf. ^x^ivf>^K7^ 

Ts v'J =3 >^xy\(7)J5^(i2 oo/i mgjg-e$>*u£. 

(cai^H^o /\-7x^f>^g(D4tef ^- (* 
*iM*y-fT^^A) \z % wm^taaommifim^v^ 
■r<**i**Lf=< i*. 

[o 1 o i ] f.t\ wO)S61fi^ssa><fc5^^x^ hi 

[0 10 2] 

>^vx^ haia«^^ ki*. ^ t:7 : •YC7^ix■ 
m#irHxifil^^#£m:^K^>f xy^ 

-f ^^fiR-T^^I^, EBttB^lcBBBS&irrcii:* 

[0103] ^se^^^e^^Em**^ 
vx^ haea^v Ko>**Lt»if*t)6aiMc4.^ 

[0104] ~7j. miB-r>^*^eT--< ©a****?- 

* tf^r-f rtfCJRS**lfc>T >^<7>-f 7 s — * 

r*^^ 0 zossm. fleshy xfMftanatK 



[o 1 0 5] f Lt*fc, JMS«*>U=i>»«f=Jl75tt 
tt^x* hx**>yi;:jcyaB*»it*ci*<±<ati: 

[0 10 6] *«WfC«*-f>^^x^ hiCSB^ 

*>*B«C&4<-C*«. 

[■■a>n«4:iiM] 

[1211] *BHa>ma>Mft1 lx«4-f 1,0 vx^ hSC 

[B2] Hi fz^r-f >^ vx*> haEBt? K0>B£ 
xa£^-txa®T®H-efe£o 

EB^v K<D-»S^-rKBH-e*4o 

[14] 0 3(:^>^vi^ hiE*A* ; K4>B£ 
xlS^txgfllt'fe-So 

[0 5] *3j6WO*16<D»ffl3fc««-<>^5;x^ 
EB^? K<D-»**-rBffiH-C**o 

[0 6] i5fcfvt^>^vx7 haffiftA^ KCDSgif 

x§ * ^-r xff&jr b B r* fc « o 

[B7] *BW0)Sej6(D»ffll4fc«-&-f>^i;x^ K5C 

[B8] *«wa)St)fzffia)**»j8ic«t)*raxaHf 

[B9] *«W<D*6lcft<D*J(SJKBfc«*3*HxaK 

[Hi 0] *B8B<D*&(cf&<D3llfi3eJ||=«t>*raxB 
Br®HT'fc£o 

[H1 1] *BM(D*t,lzfl60)S816»ffl|fc«t3-5I^XB 

[Hi 2] *«!B(oaPbr3ffia)*ls»fflrz«*54raxB 

[Hi 3] *BW(DSf,lcffia)Sglt^ffl|z«*3«BxB 
BTffiHTfe^o 

CH1 4] **Wa>*^lcfl6<Djafi^fflfz«*74raxB 

[015] **W<D*c>lcf6a)j|Ifi^fflrcflRt3*HxB 
»r®H-efe^>o 
[tt*a>K*l] 

1 s^sa 

2 y'J^^bl 

3 ^7ftl 
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4 PZTI 

5 ur-t-m 

6 L>VX Y-m 

7 ©IS 

8 mm 

9 l^fflMi/'J=i> 
1 0 SXlVtfi 

1 1 b yx;uBgo 

20 ^>^+tlff -f 



2 1 V'J^V^bMlr^fiE^Hfc^X"; hi-;f: 

30 •O^-vtf-r-r 

40 -f^+tefi' 

8 0 UvX K 

8 4 I^^gl 

se rat 

9 0 -)l^(.i«;f^fflSH 
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